Abstract. We introduce the concept of a dynamical connection on a time-dependent Weil bundle and we characterize the structure of dynamical connections. Then we describe all torsions of dynamical connections.
Introduction.
Roughly speaking, non-autonomous Lagrangian dynamics can be considered as an extension of autonomous Lagrangian dynamics by introducing the additional time coordinate. From this point of view, many structures and geometric objects from autonomous Lagrangian dynamics can be naturally extended and introduced also in the non-autonomous case. In this way we can define time-dependent (or dynamical) vector fields, Lagrangians, connections, sprays and other structures. For example, if Γ : F M → J 1 F M is a general connection on a natural bundle F , a dynamical connection is a section Γ d : R × F M → J 1 (R × F M ). We remark that the concept of a dynamical connection on the tangent bundle T M was introduced by de León and Rodrigues in [13] . Time-dependent geometrical objects and structures have also been studied e.g. by Anastasiei and Kawaguchi [1] , by Crampin et al. [2] , Krupková [7] and Vondra [15] , [16] .
The aim of this paper is to describe torsions of dynamical connections on time-dependent Weil bundles. We show that a time-dependent connection has three types of torsion. The first torsion is an extension of the autonomous torsion by means of some difference tensor and the second one is completely determined by the generalized tension of the associated autonomous connection.
All manifolds and maps are assumed to be infinitely differentiable. In what follows we shall use the terminology and notations from the book [6] .
The above definition of a torsion is due to I. Kolář and M. Modugno [5] and generalizes the classical torsion of a linear connection. In this way all general torsions of Γ are completely determined by the list of all natural affinors on F M . That is why there are numerous papers which classify all natural affinors on some natural bundles (cf. [3] , [8] , [11] , [14] ).
Let (x i , y p ) be some local fibered coordinates on Y . Then a connection
By Kureš [12] , the Frölicher-Nijenhuis bracket [Γ, Q] is of the form 
by the same symbol Γ ). In this way Grifone's formulas (4) can be rewritten in the form
Thus the definition of a general torsion [Γ, Q] of a connection Γ on a natural bundle F as the Frölicher-Nijenhuis bracket of Γ with an arbitrary natural affinor Q can be viewed as a generalization of Grifone's formula for the weak torsion t on T M . It turns out that it is also useful to study the tension of a connection from a more general point of view. Analogously to the concept of a general torsion, if we replace the Liouville vector field L on T M with an arbitrary natural vector field X on a natural bundle F , we obtain the concept of a general tension.
Definition. A natural (or absolute) vector field on a natural bundle F is a system of vector fields X
Definition. Let X be a natural vector field on F . The Frölicher-Nijen-
One finds easily that the tension of Γ is a soldering form on F M , i.e.
For example, the classical tension of a connection (1) on T M has the coordinate form
Obviously, H = 0 iff the connection Γ is linear.
Time-dependent bundles and connections. Let T
A be a Weil functor corresponding to a Weil algebra A (see [6] 
time-dependent Weil bundle is called a time-dependent connection (or a dynamical connection).
If we denote by (x i ) the local coordinates on M , by (y p ) the additional fiber coordinates on T A M and by t the coordinate on R, then a time-dependent connection Γ has equations (7) dy
We have
A M defined by s = Id R ×u is another section and we can define a con-
If a connection ∆ on T A M has the coordinate form
then the equations of the induced connection
Quite analogously we can prove
Clearly, each connection ∆ t from this one-parameter family has equations
Proof. Let {∆ t ; t ∈ R} be the one-parameter family of connections on 
Then the difference Ψ t := Γ − ∆ t of connections is a section of the associated vector bundle.
Obviously, the connection ∆ t on R × T A M has equations (8) and the affinor
We can see that Ψ t is even a soldering form on R × T A M . 
Natural affinors on time-dependent

